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Introduction {#sec1}
============

Atherosclerotic cardiovascular disease (ASCVD) is a well-known life-threatening multi-factorial disease that has become the primary cause of morbidity and mortality worldwide, including in China.[@bib1] Previous studies have confirmed that dyslipidemia, especially increased low-density lipoprotein (LDL) cholesterol (LDL-C) levels, is the most important risk factor for ASCVD, including coronary artery disease (CAD).[@bib2], [@bib3] ASCVD is a well-known inflammatory disease that is also related to oxidative stress.[@bib4] Previous data have shown that inflammation is an important feature of atherosclerotic lesions.[@bib5], [@bib6] Increased levels of inflammatory markers have been documented in various settings of coronary artery disease.[@bib7], [@bib8] Moreover, oxidized LDL (oxLDL) as an oxidized stress biomarker plays a critical role in atherogenesis.[@bib9], [@bib10] Ox-LDL can induce endothelial cell apoptosis and reduce antioxidant capabilities through changes in the secretary activities of the endothelium.[@bib11] Hence, the mechanism, which can modify multiple atherosclerotic pathways, may be important for clinical practice.

In fact, LDL and high-density lipoprotein (HDL) both consist of a heterogeneous group of particles differing not only in size and density, but also in chemical composition and physiological function.[@bib12], [@bib13], [@bib14] Recent studies have suggested that lipoprotein subfractions or particles may be more promising markers for the prediction of future cardiovascular events (CVE). Our previous observations indicated that the changes in lipoprotein subfractions are associated with inflammatory markers, diabetes, hypertension, and clinical outcomes, suggesting that a drug that can modify the lipoprotein subfractions may be more promising for the prevention and treatment of ASCVD.

XueZhiKang (XZK) is an extract of cholestin, which contains a combination of plant sterols, isoflavones, and lovastatin; each 1200 mg XZK capsule contains approximately 10 mg lovastatin. It has shown lipid-lowering effects comparable to those induced by statins.[@bib15], [@bib16] Previous studies have demonstrated that XZK is safe and effective for the prevention and treatment of coronary heart disease in elderly patients.[@bib17], [@bib18] However, no data are currently available concerning the impact of XZK on multiple anti-atherosclerotic pathways. The aim of the present study was to investigate the potential effects of XZK on lipoprotein subfractions in humans as a novel lipid marker, on oxLDL as an oxidative stress parameter, and on interleukin-6 (IL-6) as a pro-inflammatory factor.

Methods {#sec2}
=======

Study design and population {#sec2.1}
---------------------------

The study protocol was reviewed and approved by the Ethics Committee of Fu Wai Hospital and Cardiovascular Institute, Beijing, China, and informed consent was obtained from all patients. This prospective study was conducted from October 2015 to July 2016. The XZK group of 20 patients with dyslipidemia received XZK 1200 mg/day for 8 weeks; 20 healthy subjects who had not received any drug treatment previously were enrolled as the control group. Serum lipid profiles and HDL and LDL subfractions were measured at baseline and again after 8 weeks of treatment.

The inclusion criteria of the present study were as follows: (1) patients with dyslipidemia (fasting total cholesterol (TC) ≥ 5.18 mmol/L and/or triglyceride (TG) ≥ 1.70 mmol/L), without diagnostic imaging evidence of atherosclerotic lesions detected by arterial ultrasound, coronary chest tomography, or coronary angiography; (2) no history of treatment with statins or other drugs known to affect blood lipids within the previous 4 weeks; and (3) aged 18--70 years. Patients with previous acute coronary syndrome within 1 month, serious heart failure or arrhythmia, infectious disease within 1 month, serious liver or renal dysfunction, autoimmune disease, malignant disease, pregnancy or lactation, or psychiatric disorders, were excluded from this study. In addition, patients with laboratory values \>3 times the upper limit of normal (ULN) for aspartate aminotransferase or alanine aminotransferase, or \>5 times the ULN for creatine phosphokinase, were also excluded.

Laboratory examinations {#sec2.2}
-----------------------

Blood samples were obtained from the cubital vein at both baseline and 8 weeks after fasting overnight. All samples were subsequently stored at −80 °C and analyzed immediately after thawing. The concentrations of plasma TC, TG, HDL-C, LDL-C, apolipoprotein A-I (ApoA-I), and apolipoprotein B (ApoB) were measured using an automatic biochemistry analyzer (Hitachi 7150, Tokyo, Japan). TC, TG, HDL-C, and LDL-C levels were measured using enzymatic assays. ApoA-I and ApoB levels were measured using turbidimetric immunoassays. Plasma oxLDL levels were detected by a sandwich enzyme-linked immunosorbent assay (ELISA) according to the manufacturer\'s instructions (Mercodia, Uppsala, Sweden). The detection limit was 0.6 mU/L. Plasma IL-6 concentrations were measured using a high-sensitivity quantitative sandwich ELISA (Quantikine ELISA kit, R&D Systems, Inc., Minneapolis, MN, USA). The mean minimum detectable dose of IL-6 was 0.070 pg/ml.

HDL and LDL subfraction analysis {#sec2.3}
--------------------------------

Blood samples were also used for subfraction analysis. HDL subclass analysis was performed electrophoretically using high-resolution 3% polyacrylamide gel tubes and the Lipoprint HDL/LDL System (Quantimetrix Corp., Redondo Beach, CA, USA) according to the manufacturer\'s instructions.[@bib19], [@bib20] HDL was divided into 10 subfractions for this analysis. Subfractions 1--3 included large HDL particles, subfractions 4--7 included intermediate HDL particles, and subfractions 8--10 included small HDL particles. The cholesterol concentration (mg/dl) of each HDL subfraction and the percentage of the cholesterol concentration of each HDL subfraction over the HDL-C concentration were subsequently determined.

LDL was divided in 7 subfractions for this analysis. Subfraction 1 included large LDL particles; subfraction 2 included intermediate LDL particles, and subfractions 3--7 included small LDL particles. The mass (mg/dl) of each subfraction and the percentage of the concentration of each LDL subfraction in the total LDL-C concentration were subsequently determined.[@bib21]

Statistical analysis {#sec2.4}
--------------------

Data are expressed as mean ± standard deviation for continuous variables and number (percentage) for categorical variables. Both the Student\'s *t*-test and the Mann--Whitney *U* test were used to compare clinical parameters between the two groups. Categorical variables were compared with a *χ*^2^ test. Differences between the baseline and post-treatment values of the parameters studied were evaluated using a paired samples *t*-test. Statistical significance was defined as *P* \< 0.05. Statistical analysis was performed using SPSS Statistics for Windows, Version 19.0 (IBM Corp., Armonk, NY, USA).

Results {#sec3}
=======

Clinical characteristics {#sec3.1}
------------------------

The baseline clinical characteristics of the study subjects are summarized in [Table 1](#tbl1){ref-type="table"}. All baseline characteristics were well matched between the two groups.Table 1Baseline clinical characteristics of the study subjects.Table 1GroupDemographicClinical profilesLaboratory valuesAge (years)MenBMI (kg/m^2^)HypertensionDiabetesFamily history of CHDSmokerWBC count ( × 10^9^/L)Neutrophils ( × 10^9^/L)ESR (mm/h)ALT (U/L)AST (U/L)Cr (μmol/L)BUN (mmol/L)Control (*n* = 20)54.7 ± 7.08 (40.0)25.1 ± 3.05 (25.0)2 (10.0)1 (5.0)6 (30.0)6.4 ± 1.63.6 ± 1.09.9 ± 8.223.7 ± 11.718.8 ± 8.368.4 ± 8.85.2 ± 1.5XueZhiKang (*n* = 20)56.0 ± 6.87 (35.0)24.9 ± 3.16 (30.0)2 (10.0)1 (5.0)8 (35.0)6.0 ± 1.33.5 ± 0.910.1 ± 8.322.3 ± 9.718.9 ± 6.766.6 ± 5.45.0 ± 1.9[^2][^3]

Effects of XZK on lipid parameters {#sec3.2}
----------------------------------

As shown in [Table 2](#tbl2){ref-type="table"}, an 8-week treatment of 1200 mg/day XZK decreased the serum levels of TC, TG, ApoB, and LDL-C compared to the baseline (*P* \< 0.05). Meanwhile, there were no significant changes in the serum levels of ApoA-I or HDL-C after XZK treatment. There were no changes in any serum lipid parameters in the control group after 8 weeks.Table 2The effects of XueZhiKang on lipid parameters, lipoprotein subfraction, oxLDL, and plasma IL-6 levels.Table 2VariableControl (*n* = 20)XueZhiKang (*n* = 20)Baseline8 weeksBaseline8 weeksTC (mmol/L)4.86 ± 1.114.89 ± 0.975.08 ± 1.034.14 ± 0.87^a^TG (mmol/L)1.46 ± 0.821.51 ± 0.931.55 ± 0.610.95 ± 0.38^b^ApoA-I (g/L)1.42 ± 0.351.38 ± 0.291.81 ± 0.721.70 ± 0.35ApoB (g/L)1.08 ± 0.191.11 ± 0.261.03 ± 0.160.83 ± 0.17^b^HDL-C (mg/dl)47.56 ± 8.8446.93 ± 9.1161.56 ± 20.3064.26 ± 21.50 Large HDL-C (mg/dl)19.84 ± 8.5619.68 ± 7.9523.33 ± 13.3024.78 ± 13.89 Intermediate HDL-C (mg/dl)20.75 ± 4.7120.21 ± 5.1329.22 ± 7.7629.78 ± 7.82 Small HDL-C (mg/dl)6.69 ± 2.187.11 ± 2.148.89 ± 2.9310.00 ± 2.96 Large HDL (%)41.07 ± 10.2540.38 ± 9.6935.67 ± 10.5736.38 ± 9.45 Intermediate HDL (%)43.68 ± 8.6943.21 ± 7.5348.46 ± 4.9347.32 ± 5.20 Small HDL (%)15.71 ± 4.2116.51 ± 5.1415.78 ± 6.5216.23 ± 5.12LDL-C (mg/dl)101.48 ± 20.75102.46 ± 21.48123.34 ± 23.9987.26 ± 24.45^a^ Large LDL-C (mg/dl)30.50 ± 7.6530.00 ± 7.8121.56 ± 5.5718.78 ± 3.87 Intermediate LDL-C (mg/dl)14.08 ± 8.2514.09 ± 8.6512.67 ± 7.719.11 ± 4.81 Small LDL-C (mg/dl)2.50 ± 2.472.55 ± 2.586.33 ± 7.781.78 ± 2.17^b^ Large LDL (%)15.84 ± 2.9315.67 ± 3.0110.61 ± 1.9411.97 ± 2.27 Intermediate LDL (%)7.26 ± 3.957.30 ± 4.146.51 ± 3.635.72 ± 2.58 Small LDL (%)1.34 ± 1.101.35 ± 1.163.07 ± 3.091.09 ± 1.12^b^oxLDL (U/L)47.34 ± 11.0047.43 ± 11.0849.20 ± 15.0136.36 ± 5.31^b^IL-6 (pg/ml)4.82 ± 3.914.69 ± 4.1510.40 ± 9.498.50 ± 7.40^b^[^4][^5][^6]

Changes in HDL and LDL subfractions after XZK treatment {#sec3.3}
-------------------------------------------------------

The effects of 8 weeks of treatment with 1200 mg/day XZK on the cholesterol concentration of lipoprotein subfractions, oxLDL, and IL-6 are summarized in [Table 2](#tbl2){ref-type="table"}. There were no significant changes in the cholesterol concentration of any of the HDL subfractions or the percentage of each HDL subfraction ([Fig. 1](#fig1){ref-type="fig"}B and D; all, *P* \> 0.05) after 8 weeks. There were also no significant differences in the concentrations of the HDL subfractions between the baseline and 8 weeks in the control group ([Fig. 1](#fig1){ref-type="fig"}A and C; all, *P* \> 0.05). In contrast, there was a significant decrease in both the concentration and the percentage of small LDL-C ([Fig. 2](#fig2){ref-type="fig"}B and D; both, *P* \< 0.05). However, there was no change in the cholesterol level or the percentage of each LDL subfraction between the baseline and the end of the study in the control group ([Fig. 2](#fig2){ref-type="fig"}A and C; both, *P* \> 0.05).Fig. 1Effects of XueZhiKang on the HDL-C level and HDL subfractions. There was no significant difference in the cholesterol concentration of any HDL subfraction between the baseline and 8-week follow-up in the control group (A) or the XueZhiKang group (B) (all, *P* \> 0.05). There was no significant difference in the percentage of any HDL subfraction between the baseline and the 8-week follow-up in the control group (C) or the XueZhiKang group (D) (all, *P* \> 0.05).Fig. 1Fig. 2Effects of XueZhiKang on LDL-C level and LDL subfractions. There was no significant difference in the cholesterol concentration of any LDL subfraction between the baseline and 8-week follow-up in the control group (A) (*P* \> 0.05). XueZhiKang treatment for 8 weeks significantly decreased the concentration of small LDL-C (B) (*P* \< 0.05). In the control group, there was no significant difference between the percentage of any LDL subfraction at the baseline and after 8 weeks (C) (*P* \> 0.05). XueZhiKang treatment for 8 weeks significantly decreased the percentage of small LDL-C (D) (*P* \< 0.05).Fig. 2

Changes in oxLDL and IL-6 levels after XZK treatment {#sec3.4}
----------------------------------------------------

The changes in the plasma oxLDL and IL-6 levels in patients following XZK treatment, and in control subjects that did not receive therapy, are provided in [Table 2](#tbl2){ref-type="table"} and [Fig. 3](#fig3){ref-type="fig"}, [Fig. 4](#fig4){ref-type="fig"}. The data show that there was no change in the oxLDL levels of the control group between the baseline and 8 weeks. In contrast, there was a significant decrease in the oxLDL level of the XZK group after 8 weeks (*P* = 0.013; [Table 2](#tbl2){ref-type="table"}, [Fig. 3](#fig3){ref-type="fig"}).Fig. 3Effects of XueZhiKang on plasma oxidized LDL levels in patients with dyslipidemia and control subjects. XueZhiKang treatment for 8 weeks significantly decreased oxidized LDL levels (*P* = 0.013).Fig. 3Fig. 4Effects of XueZhiKang on plasma interleukin-6 levels in patients with dyslipidemia and control subjects. XueZhiKang treatment for 8 weeks significantly decreased interleukin-6 levels (*P* = 0.017).Fig. 4

Similarly, treatment with 1200 mg/day XZK for 8 weeks significantly decreased the plasma IL-6 concentration in patients with dyslipidemia, while there was no change in the control group after 8 weeks (*P* = 0.017; [Table 2](#tbl2){ref-type="table"}, [Fig. 4](#fig4){ref-type="fig"}).

Correlations of plasma IL-6 levels with lipid profile and lipoprotein subfractions {#sec3.5}
----------------------------------------------------------------------------------

The Pearson correlation analysis revealed that plasma IL-6 correlated positively with small LDL-C and the percentage of small LDL-C, both at baseline (*r* = 0.865, *P* = 0.006; *r* = 0.716, *P* = 0.046, respectively) and after 8 weeks of XZK treatment (*r* = 0.905, *P* = 0.002; *r* = 0.849, *P* = 0.008, respectively). IL-6 levels after 8 weeks of XZK treatment were also determined to be positively associated with LDL-C (*r* = 0.833, *P* = 0.010) ([Table 3](#tbl3){ref-type="table"}). However, there were no significant associations between IL-6 levels and any HDL subfraction.Table 3The relationship between plasma IL-6 levels and lipoprotein subfractions in patients with dyslipidemia.Table 3VariableBaselineXueZhiKang for 8 weeks*rP*-value*rP*-valueHDL-C (mg/dl)−0.1730.682−0.3060.460 Large HDL-C (mg/dl)−0.3000.470−0.3450.403 Intermediate HDL-C (mg/dl)0.0110.979−0.1620.701 Small HDL-C (mg/dl)0.0690.8710.0230.957 Large HDL (%)−0.3730.363−0.3670.371 Intermediate HDL (%)0.6260.0970.4440.271 Small HDL (%)0.1360.7480.2430.563LDL-C (mg/dl)0.5560.1530.8330.010 Large LDL-C (mg/dl)−0.0790.8530.2480.553 Intermediate LDL-C (mg/dl)0.6830.0620.6690.070 Small LDL-C (mg/dl)0.8650.0060.9050.002 Large LDL (%)−0.4320.285−0.0850.842 Intermediate LDL (%)0.4140.3080.5050.202 Small LDL (%)0.7160.0460.8490.008[^7][^8]

Discussion {#sec4}
==========

XZK treatment can decrease the occurrence of cardiovascular events in CAD patients with or without dyslipidemia by significantly reducing blood lipid levels, and fewer adverse reactions have been noted.[@bib22], [@bib23] The effects of XZK on the plasma lipid profile have been reported previously, but the impacts of XZK on the distribution of HDL and LDL subfractions have not been investigated, which indicates that a different mechanism may underlie the effect of XZK on the reduction of cardiovascular events. In the present study, our data indicated for the first time that a treatment of 1200 mg/day for 8 weeks significantly decreased the concentration of small LDL-C and the percentage of the small LDL subfraction, with the exception of favorable effects on LDL-C. It had no impact on the cholesterol concentration of any HDL subfraction in patients with hyperlipidemia. Additionally, XZK significantly reduced plasma oxLDL and IL-6 levels in patients with dyslipidemia. Moreover, IL-6 levels were correlated with low LDL-C and the percentage of the small LDL subfraction both at baseline and after XZK treatment.

XZK, an extract of red yeast rice, is a traditional Chinese medicine with multiple cardio-protective effects.[@bib24], [@bib25] It is composed of a family of natural statins, unsaturated fatty acids, and other substances and has been demonstrated to be a natural lipid-modulating polypill.[@bib26] Chen et al found that 1200 mg/day XZK treatment for 4 weeks significantly decreased the levels of TC, LDL-C, and non-HDL-C in older patients with CAD.[@bib27] Another study by Moriarty et al demonstrated that 1200 or 2400 mg/day XZK treatment for 8--12 weeks significantly decreased the levels of non-HDL-C, LDL-C, and ApoB in patients with dyslipidemia but no coronary heart disease, and the tolerance was better than that of statin in therapy groups.[@bib23] Recently, clinical studies indicated that XZK could be used as an alternative therapy for patients intolerant of statins, or could be combined with statins to improve the lipid-lowering effects.[@bib28], [@bib29] In our study, XZK significantly decreased plasma LDL-C, TC, TG, and ApoB concentrations, although there were no significant differences in HDL-C or ApoA-I levels, which was consistent with previous studies.

Recently, the failure of several HDL-C-raising drugs in clinical studies has greatly challenged the traditional concept of the inverse relationship between the HDL-C and cardiovascular outcomes.[@bib30], [@bib31] The emerging opinion is that the quality of the HDL particles may be more important than the quantity of HDL.[@bib32] In a recent study, Goliasch et al demonstrated an inverse association of the large HDL subfraction and a positive association of intermediate and small HDL subfractions with premature CAD.[@bib19] Data from our group revealed that higher small HDL-C, but not large, medium, or total HDL-C, is associated with higher cardiovascular risk, highlighting the potential benefit of the HDL subfraction in patients with stable CAD.[@bib33] Until now, there have been no reports available on the impact of XZK on the HDL subfraction. In the present study, although the effect of XZK on the HDL subfraction was first examined, no significant change was found. Although the reason cannot be determined from the present study, the short term and low dose of XZK, in addition to the small sample size, may be the explanations, suggesting further study may be needed.

Lowering the LDL-C has convincingly been shown to reduce major adverse cardiovascular events.[@bib34] Nevertheless, recent studies have demonstrated that the content of LDL particles in LDL-C exhibits considerable individual variation, and patients with the same LDL-C levels but different amounts of LDL particles differ in terms of their absolute risk of CAD.[@bib35] The differences in LDL particles lead to the recognition of two distinct phenotypes: phenotype A, associated with large, buoyant LDL particles (lb-LDL), and phenotype B, in which small, dense LDL particles (sd-LDL) predominate.[@bib36] Presently, the small LDL particles have been recognized as more atherogenic than the large ones, and can predict atherosclerosis progression and incident coronary heart disease.[@bib37] We previously indicated that the levels of intermediate and small LDL-C and LDL subfraction percentages are closely associated with CAD risk.[@bib33] Jia et al demonstrated that 1200 mg/day XZK treatment significantly increased the concentration of proprotein convertase subtilisin/kexin type 9 (PCSK9) in patients with dyslipidemia, accompanied by a marked decrease in total cholesterol and LDL-C.[@bib16] Moreover, data from our previous study showed that plasma PCSK9 levels were significantly and independently associated with the cholesterol concentrations of the intermediate and small LDL subfractions, as well as mean LDL particle size, in patients with stable CAD.[@bib38], [@bib39] In the present study, our data showed that XZK treatment of 1200 mg/day for 8 weeks significantly decreased the concentration of small LDL-C and the percentage of the small LDL subfraction, which confers a favorable effect in terms of plasma LDL subfraction distribution; these findings provide novel information with regard to the clinical implications of XZK.

The oxidation of LDL is a key process in the early progression of atherosclerotic diseases.[@bib40] oxLDL, derived from LDL-C under oxidative stress, encompasses many atherogenic properties. oxLDL levels may be used to differentiate patients with CAD from healthy cohorts[@bib41] and serve as a predictor of future myocardial infarction in patients with unstable CAD.[@bib42] The effect of XZK on oxLDL levels in patients with CAD has rarely been reported. A study by Yao et al showed that the circulating ox-LDL concentration in patients with unstable angina pectoris was reduced after treatment with XZK for 2 months at a dose of 1200 mg/day. In the present study, our data demonstrated that XZK treatment of 1200 mg/day for 8 weeks significantly decreased the plasma oxLDL levels in patients with dyslipidemia. Therefore, XZK may achieve its anti-atherosclerotic effect by decreasing the oxLDL levels and inhibiting the oxidative stress process, which are involved in the initiation of atherosclerosis.[@bib43]

In addition to its impact on blood lipids and lipoprotein subfractions, XZK can attenuate inflammatory factors, as demonstrated by previous studies. A study suggested that 1200 mg/day XZK treatment for 8 weeks significantly decreased the serum levels of high-sensitivity C-reactive protein (Hs-CRP) and matrix metalloproteinase-9 (MMP-9), as well as the LDL-C concentration in patients with acute coronary syndrome.[@bib44] Another study showed that XZK treatment for 2 weeks rapidly reduced the levels of Hs-CRP and MMP-9 without changing the lipid levels, suggesting that the anti-inflammatory action of XZK occurs prior to its effect on lipids. This action may play an important role in the early-stage treatment of ACS patients.[@bib45] In the present study, we found that 1200 mg/day XZK treatment for 8 weeks notably decreased the IL-6 levels in patients with atherosclerosis, which was similar to the study performed in patients with cardiac syndrome X.[@bib46] In addition, our previous study demonstrated that systemic inflammatory markers were positively correlated with small LDL cholesterol and LDL scores, indicating the potential interactive contribution of these factors to increased cardiovascular risk.[@bib47] Based on this information, we further analyzed the association of plasma IL-6 levels and lipoprotein subfractions, and found that IL-6 levels were positively correlated with small LDL-C and the percentage of the small LDL subfraction in patients with CAD both at baseline and after XZK treatment, while no such changes were found in the control group. Briefly, our findings showed that XZK reduced the plasma IL-6 concentration and had a beneficial impact on small LDL-C and the percentage of the small LDL subfraction, indicating that some parallel interaction exists between the IL-6 and LDL subfractions.

The present study had several limitations. First, the study included a relatively small sample size from a single center; however, the number of subjects may be enough to explore the changes in lipoprotein subfractions. Second, the study duration was short, which may have been insufficient to fully determine the impacts of XZK on lipid parameters such as HDL-C and ApoA-I. Moreover, the effect of high-dose XZK therapy on lipids and lipoproteins was not evaluated; however, the dosage of XZK used in this study is commonly prescribed in clinical practice, which may reflect the impact of XZK therapy in "real world" practice. Finally, the impact of XZK-induced changes in the small LDL subfraction on clinical outcomes was not investigated in our study.

In summary, our findings indicated that 8 weeks of therapy with a clinically conventional dose of 1200 mg/day XZK resulted in a favorable modification of the LDL subfraction distribution, in addition to the effect on serum LDL-C concentration, and also significantly decreased circulating oxLDL and IL-6 levels in patients with dyslipidemia. Our data suggest multiple beneficial impacts of XZK on ASCVD.
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